Microgreens are rich functional crops with valuable nutritional elements that have health benefits 37 when used as food supplants. Growth characterization, nutritional composition profile of 21 38 varieties representing 5 species of the Brassica genus as microgreens were assessed under light-39 emitting diodes (LEDs) conditions. Microgreens were grown under four different LEDs ratios (%) 40
Introduction 58
As the world's population is rapidly growing, with an increasing demand for sustainable sources of 59 food products such as the rich-nutrient functional crops. Ongoing efforts are aimed to find new 60 strategies for food production to meet the demands of the growing world population. Recently, the 61 consumption of microgreens has increased, as a rich-nutrient crop with a high level of nutrition 62 components concentration contains; vitamins, minerals, and antioxidants compared to mature 63 greens, which are helpful in filling the nutritional gap challenges [1] . Furthermore, microgreens 64 being valuable functional crops for their rich-phytonutrients content [2, 3] . Microgreens are a 65 category of edible salad crops that appearing in many upscale markets and restaurants. They are 66 harvested at the base of the hypocotyl when the first true leaves start to emerge, generally, the 67 growth rate is ≤ 21 days after sowing [4, 5] . Despite their small size, they can provide a high 68 concentration of health-promoting phytochemicals [5] . Commercially greenhouse growers became 69 more interested in the microgreen for their high market levels [4] . Specifically, microgreens of the 70 family Brassicaceae have become a popular choice due to its easy way for germination and short 71 growth length and providing wide flavors and colors [5] . Brassicaceae microgreens species could be 72 used as a new ingredient which provides a wide variety of our food [5-7] and valued for containing 73 significant amounts of cancer-fighting glucosinolates [8] . They are also rich in carotenoids, 74 especially lutein, zeaxanthin, and β -carotene [9-11]. Thus, brassica microgreens are considered as a 75 functional food, which serves as a health-promoting or disease preventing supplementals [5, 12] 76 Several strategies were used and developed for providing optimal greenhouse conditions to increase 77 the microgreen yield. Light emitting diodes (LEDs) is a new light source technology used for 78 greenhouses facilities and space-limited plant growth chambers [13, 14] . It becomes more 79 economically viable with high efficiency and low cost, as well as the ability to select light qualities and intensities [15] . It is reported that crop plants use light for photosynthesis and being responded 81 to the different light intensity, wavelength [16, 17] . Microgreens have a lower demand for photon 82 flux compared to long-cycle crops, thus are ideally adapted to chamber environments. Recently, 83 many studies demonstrated the influence of LEDs (blue or/and red) lighting on the plant vegetative 84 parameters [14, 18, 19] and demonstrated the effect of light quality on the growth of the cultivated 85 plants [8, [20] [21] [22] . Nevertheless, a lack of information regarding the combined effect of red and blue 86 and other LEDs lighting such as green light on the plant growth, morphology, and nutrition content 87 profile of microgreens [22, 23] . Furthermore, green light supplies enhance the carotenoid content in 88 mustard microgreens [24] . 89
Although microgreens have been considered as valuable and nutritionally beneficial functional 90 crops, a little is known on the integrity of individual and combined influence of green, red, and blue 91
LEDs on Brassica species microgreens growth and nutritional composition. Therefore, the main 92 purpose of this current study is to define the influence of alternative LEDs light regimens on 93
Brassica species microgreens growth, and nutritional composition and to define which species could 94 serve well as a life support component in many cases. We explore the impact of different four LEDs 95 lighting ratio (Red, Blue, and Green) on 21 Brassica microgreens growth and nutritional profile. 96 97 2. Material and Methods 98
2.1.Plant Materials and Growth chamber environment 99
Twenty-one varieties of microgreens representing 5 species of Brassica genus of the Brassicaceae 100 family ( Table 1) were grown in greenhouse chambers in a collaborated study between the Faculty 101 of Agriculture in both Zagazig University and Cairo University. We used the recommended soil and 102 fertilization properties as reported by [5] . About 10-25 g of seeds, varying based on the seed index 103 of each variety, (Table 1) were sown in peat moss in Rockwool tray in a controlled conditions greenhouse (3 trays per each variety for 3 replicates), cultivated under relative humidity (RH), and 105 carbon dioxide (CO 2 ) concentration of 70%, and 500 µmol.mol -1 , respectively. Each day, 100 ml of 106 CaCl 2 solution was added to each tray to further stimulate seedling growth. Once cotyledons were 107 fully reflexed 5 d after sowing, 300 ml of 25% nutrient solution was added to each tray daily until 108 harvest. This experiment was carried out simultaneously in the summer season of 2018 from May to 109 September with as a growth length for each species ranging from 6-12 days ( Table 1) . 110 Netherlands), using 0.5 W per LED chip. Each LEDs treatment was carried out in a different room. 117
In the controlled environment greenhouse, the LEDs were placed horizontally, above the bench top, 118 at a height of 50 cm. we adjusted the photosynthetic photon flux density (PPFD) average to 150 119 µmol.m -2 . s -1 that was provided by the fluorescent lamps and bar-type LEDs. This experiment was 120 performed three times replications with the same conditions. 121
2.3.Harvest, Growth measurements 122
Microgreen samples were harvested after the growth length for each species (Table1) without seed 123 coats or roots as recommended by [5] . Each replicate used for the measurements consisted of at 124 least 10 grown seedlings. Ten seedlings of each microgreen variety were randomly selected and 125 measured to determine Hypocotyl Length (HL), Leaf Area (LA), for each LEDs treatment. 126
Hypocotyl measurements HL of the harvested seedlings were measured from the tip where the 127 cotyledons split, to the end of the base of the hypocotyl. LA of cotyledons and fully expanded 128 leaves were measured by LA meter (LI-3100; LI-COR Inc. Linclolin, NE) be recording the average 129 of five scans. 130 Furthermore, another ten randomly selected seedlings for each variety used to assess both, Fresh 131 weight (FW), and Dry weight percentage (DW%). After FW data were measured, samples were 132 oven dried at 80°C for 72 hours. Then DW data were measured. FW and DW values were used to 133 calculate DW% (DW% = (DW/FW x 100). 134 135
2.4.Elemental Analysis 136
Fresh microgreens (50 g FW per each sample) were collected and rinsed 3X using H2Odd to 137 remove any surface residue. Dried microgreens (2 g per replicate) were grounded into a fine 138 powder to analysis the elemental composition. , Each of the 21 samples was subjected to acid 139 digestion procedures and quantitative measurements of the following elements: P, K, Ca, Na, Fe, 140
Mn, Cu, and Zn were done using inductively coupled plasma optical emission spectrometry (ICP-141 OES) following the methods of Huang and Schulte [25] . To assure the accuracy of the method, 142 standard reference materials (Apple leaves, NIST® SRM® 1515, NIST1515, SIGMA, USA, and 143 Spinach leaves, NIST® SRM® 1570a, NIST1570A) were used and evaluated using the same 144 digested procedure. For each ICP-OES analyte, the limit of detection (LOD) and limit of 145 quantification (LOQ), which are a function of the sample mass were determined (Supplementary 146 
2.5.Vitamin and Carotenoid concentration analysis 149

Phylloquinone 150
Phylloquinone was determined according to a previously reported method by [26] . Under dime 151 light, 0.2 g of dried microgreens were homogenized in 10 mL of H2O and 0.4 mL of 200 μ g/mL 152 menaquinone used as an internal standard. The sample was supplied with 15 mL of 2-153 propanol/hexane (3:2 v/v) and were vortexed for 1 min. Then the sample was centrifuged at 1500g 154 at 21ºC for 5 min. Then we transferred the upper layer (hexane) into a new glass tube and to dry 155 using a stream of N2. The residues of the sample were dissolved using 4 mL of hexane. Then, to 156 purify the extract, 1 mL of the dissolved extract was loaded onto preconditioned silica gel columns 157 (4 mL of 3.5% ethyl ether in hexane, followed by 4 mL of 100% hexane). We used 2 mL of hexane 158 to wash the columns. Phylloquinone was eluted with 8 mL of 3. The mixture was carefully vortexed for 1 min and then were centrifuged at 1000g for 5 min. After 177 centrifugation, the upper organic layer was collected into an 8 mL glass culture tube and immediately placed into a nitrogen evaporator set at 30 °C. on the other hand, the lower layer was 179 extracted with 3.0 mL of hexane/toluene (10:8 v/v). this extraction process was repeated at least 180 four times until the upper layer is colorless. After evaporation, the residue was diluted in 500 The experiment was laid out in a randomized block design in a factorial arrangement with LEDs 202 (four levels) and Microgreens (Twenty-one varieties) for three different biological replicates. Data 203 were collected and analyzed according to [30] . SPSS v.22 software was used to analyze the variance 204 of differences using ANOVA test statistically followed by LSD analysis. The degree of freedom 205 was followed as P≤0.05, P≤0.01, and P≤0.001 considers the statistical significance and represents 206 as *, **, *** respectively. 207 Table 2.   534   535   536   Tables  537   538   Table 1 . Twenty-one varieties of Brassica microgreens represented 5 species Brassica genera 539 Table 2 . Growth, and nutritional composition profile of highest Brassica microgreens grown under 545 light-emitting diodes (LEDs) ratio (%) of red:green:blue 70:10:20 (R 70 :G 10 :B 20 ). List of the 7 546 brassica microgreens is exported from the hierarchical cluster analysis (Figure 7) . 547 548 549 
